The high alkaline proteases, lipases, cellulases and hemicellulases are important enzymes in research and industries. In this study, using the Alcapred software, the metagenomic DNA sequences of the gut flora of Coptotermes gestroi were analyzed to identify the enzymes that were specifically adapted to alkaline condition. The results show that 737 of 943 ORFs (accounting for 72%) encoded proteases, 154 of 214 ORFs (holding 78%) encoded lipases and 338 of 575 ORFs (accounting for 59%) encoded cellulase and hemicelluase. All those enzymes were predicted to be alkaline enzymes. This study provide an overview picture of the alkaline enzyme groups of the gut flora of C. gestroi, and provide a good database for mining, isolation of the genes to produce recombinant enzymes.
INTRODUCTION
Termites contribute substantially to the turnover of carbon and nitrogen in tropical ecosystems. Their diet consists exclusively of lignocellulose of various stages of decomposition, ranging from sound wood to humus. The digestion of this recalcitrant diet relies on the metabolic activities of a dense and diverse intestinal microbiota. In the gut of many lower termite Zootermopsis nevadensis, Reticulitermes lucifugus and R. flvipes, the pH was neutral to slightly acidic throughout, ranging from 5.5 to 7.5. In many higher termites, the hindgut is compartmentalized to form several consecutive microbial bioreactors [1] , and the pH of the special anterior hindgut is highly alkaline. In soil-feeding Termitinae such as Nasutitermes nigriceps and N. corniger, the pH increases sharply at the mixed segment and reaches its maximum pH of 12 in hindgut [3] .
Since the hindgut of some termites are extremely alkaline pH, we assumed that termite gut is a highly convenient mini ecosystem to exploit the alkaline enzymes of the intestinal microbiota. Therefore, we conducted a survey for alkaline enzymes such as proteases, lipases, cellulases and hemicellulases in the DNA sequences metagenome of microbiota in the gut of C. gestroi. If we could find many novel enzymes, they might be interested in both academic and industrial aspects.
MATERIALS AND METHODS
Genomic DNA was extracted from gut flora of C. gestroi extracted from the free-living microorganism in gut of C. gestroi collected from wood-nesting colonies in Hanoi and Hung Yen province in Vietnam according to the method described by Sambrook et al. [21] and sequenced using HiSeq2000 sequencing system (Illumina, San Diego, USA). Metagenomic DNA sequence data was analyzed using standard bioinformatics approach. A range of bioinformatic softwares such as BLAST, MEGAN, SOAP and the data in NCBI, KEGG, eggNOG were used to identify and account for ORFs [6] .
Alkaline and acidic enzymes analysis:
Based on the predicted ORFs annotated using KEGG and eggNOG, we used a sequence-based tool to discriminate acidic and alkaline enzymes. A feature selection technique was used to pick out a number of informative features. Based on these features, the support vector machine (SVM) analysis was performed to establish a prediction model. Prediction results demonstrate that the proposed method is reliable. Then, a free online database called AcalPred was built to provide a useful tool for basic academic study and industrial application of acidic and alkaline enzymes [12] . An overall accuracy of 96% was achieved, demonstrating that the proposed model is a powerful tool for the study on the adaptation of enzymes to acidic or alkaline environment.
RESULTS AND DISCUSSION
We present the metagenomic analysis of a large data set (5.4 Gb) generated by Illuminabased de novo sequencing of genomic DNA of the gut flora of lower termite, C. gestroi. To our best our knowledge, this study is the first successful application of high-throughput sequencing for the investigation of the gut flora of the lower termite, C. gestroi.
Metagenomic sequence analysis of the genomic DNA (8.5 mg) extracted from the gut flora of C. gestroi Illumina platform yielded 5.6 Gb of sequence reads. Meta Gene Annotator [19] identified 125,431 putative ORFs. The functional profile of the metagenome of the flora was determined by the classification of predicted genes based on the eggNOG [20] and KEGG [16] databases. We found that the metagenomic sequences were distributed among typically prokaryotic eggNOG functional categories [20] . Among 125,431 ORFs, 36,477 ORFs were classified into enzyme families and 65,536 ORFs were predicted to be functional. The functional properties were determined using deeper levels of the eggNOG and KEGG classes [16, 20] .
Putative alkaline enzymes in the gut flora of C. gestroi termite
We predicted alkaline and acidic enzymes such as proteases, lipases, cellulases and hemicellulases using Alcapred software. Among 125,341 ORFs, 943 were annotated to encode proteases, 214 encode lipases and 579 encode cellulases and hemicellulases (table 1). The number of proteinases sequences (934) was the highest. This is reasonable because proteases are present in all microorganisms in the gut, even flagellate protozoan symbionts [22] . Proteases are critically important in a diverse biological processes including the regulation of the metabolism of cells and are essential constituents of all forms of life on earth [23] . So it is reasonable that protease is the largest enzyme group in cells compared with other enzymes.
In the gut of low and high termites,the most outstanding microbe in the community is bacteria. They dominate not only on the intestinal wall of termite gut but also symbiotic flagellate or protozoa [26] . Metagenomic DNA sequence analysis of the gut flora of C. gestroi revealed that 80% of the total ORFs are belong to bacteria.
Lignocellulose is main constituent of termite food with high percentage of cellulose and hemicellulose. Trend is emerging suggesting collaboration among termite-derived genes expressed in the salivary gland/foregut, midgut and symbiont genes expressed in the hindgut. However, many studies demonstrated that cellulolytic and hemicellulolytic enzymes from microorganism in termite gut is quiet rich [11] such as: 73% cellulases and xylanases were known in Microcerotermes sp. [27] ; the series of cellulase in the foregut/salivary gland; and a rich diversity of derived GHFs in the hindgut. Of the various exoglucanases are undeniably the most diverse [23] . In our results, we identified 578 cellulases and hemicellulases sequences, which is just behind the number of proteases and much higher than the number of lipase sequences (214)
Putative alkaline protease and lipase
For the sequnce data encoding different enzyme groups, we used the Alcapred software to predict proteases and lipases that are tolerant to alkaline condition ( The hindgut of termites is the anaerobic fermentation tank containing a variety of different microorganisms having various enzymes that tolerate alkaline environment. Origin and distribution of proteases have been studied in detail in higher termites [REF] . However, little information is available about proteases in lower termites [24] . Only few publications about the proportion of alkaline proteases and lipases in the gut flora of the termites. Alkaline proteases and alkaline lipases were found originated from higher termite, Nasutitermes corniger and its enteric flora [10] . Our present results give the overall clarification of the high alkaline proteases and lipases of the gut flora of lower termite, C. gestroi. Among the ORFs encoding alkaline enzymes, 175 of 737 alkaline proteases ORFs and 33 of 154 alkaline lipases ORFs have alkaline index of higher than 0.99 (table 3, 4). Putative alkaline and acidic cellulases and hemicellulases Among a total of 575 cellulolytic and hemicellulolytic enzymes, 338 (59%) were predicted to be alkaline enzymes. The number of alkaline cellulases and hemicellulases are lower than those of alkaline proteases and lipases,.
It is already well-known that cellulases and hemicellulases are abundant in the symbiotic organisms in the gut of termites to degrade cellulose and hemicellulose [14, 17] . Diversity and of lignocellulose-degrading alkaline enzymes and their function in the termite gut microbial community have been reported [17] . Cellulases and hemicellulases from the gut flora of termites such as R. flavipes, R. speratus and Macrotermes subhyalinus have optimal pH around 5-7, and those from Microcerotermes sp. have wider optimal pH range of 5.0-10.0. In case of cellulolytic and hemmicellulolytic enzymes of Sarocladium kiliense and Trichoderma virens isolated from the gut of the lower termite, R. santonensis, optimal pH range was pH 9-10 [27] . In the higher termite, Nasutitermes corniger, pH of the gut reaches as high as 11 [10] . In this study, there is not much difference between the proportion of the predicted alkaline (59%) and acidic (41%) cellulases and hemicellulases of the gut flora of C. gestroi In contrast, in cases of proteinases and lipases, the proportion of alkaline enzymes was much higher than acidic ones. Presence of huge number of alkaline enzymes in the gut flora suggest that those microbiota are suitable to suvive alkaline environment of the gut of C. gestroi. Extracellular enzymes produced/ released from such microbiota are likely to have their optimum pH of alkaline range [7] .
In this study we are interested in the ability of the cellulase and hemicellulase enzymes that can resist alkaline environment. Using Alcapred software, we found that the majority of alkaline cellulases and hemicellulases have very high alkaline index; 41 alkaline cellulases sequences and 40 alkaline hemicellulases have alkaline index of >0.99. All of them belong to betaglucosidase and alpha-N-arabinofuranosidase.
CONCLUSION
Using Alcapred software, high percentages of proteases, lipases, cellulases and hemicellulases of the gut flora of C. gestroi were predicted as alkaline enzymes. These results might be useful for the effective utilization of novel alkaline enzymes in the industries. This is the first prediction of the alkaline enzyme groups of the gut flora of C. gestroi termites. The results of this study provide a comprehensive picture of alkaline tolerance of various enzyme groups which has not been reported previously. 
SỬ DỤNG VI TÍNH KHAI THÁC CÁC ENZYME CHỊU KIỀM TỪ DỮ LIỆU DNA METAGENOME VI SINH VẬT SỐNG TRONG RUỘT MỐI BẬC THẤP coptotermes gestroi Ở VIỆT NAM

TÓM TẮT
Phân tích trình tự DNA metagenome của vi sinh vật sống trong ruột mối Coptotermes gestroi để xác định và tìm kiếm enzyme chịu được môi trường kiềm, nguồn vật liệu quan trọng để khai thác và ứng dụng trong nghiên cứu và sản xuất. Kết quả sử dụng phần mềm Alcapred để dự đoán khả năng chịu kiềm và axit của các nhóm enzyme protease, lipase, cellulase và hemicellulase từ dữ liệu metagenome của vi sinh vật trong ruột mối bao gồm: có 737 trình tự mã hóa protease chịu kiềm trong 943 trình tự và 154 trình tự mã hóa lipase chịu kiềm trong 214 trình tự từ DNA metgenome cho thấy tỷ lệ phần trăm của protease kiềm và lipase rất cao, chiếm 72% và 78%. Có 338 trong tổng số 575 trình tự đã được dự đoán thuộc về nhóm enzyme chịu kiềm phân giải cellulose và hemicellulose, chiếm 59%. Đây là những kết quả công bố chi tiết đầu tiên về các chuỗi gen mã hóa các enzyme chịu kiềm có nguồn gốc từ vi sinh vật sống tự do trong ruột mối của C. gestroi và là nguồn dữ liệu để khai thác, phân lập gen để sản xuất enzyme tái tổ hợp.
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